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Boron-doped diamond has been synthesized from graphite mixed with different ratio of B4C at high pressure high temperature 
(HPHT) using laser heated diamond anvil cell. The starting composition was transformed to diamond compound at pressure ~9 
GPa, 2300–2400 K as indicated by the in-situ X-ray diffraction pattern with synchrotron radiation source. Raman spectrum of the 
recovered specimen from HPHT state confirmed that boron has been doped into diamond lattice. 
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The boron-doped diamond, with higher electrical conduc-
tivity and heat conductivity than cubic diamond, is a kind of 
promising semiconductor material [1–3]. Recently the su-
perconductivity was found in the boron-doped diamond [4], 
which initiates the new round of research fever on boron- 
doped diamond [5,6]. Up to now, besides early chemical 
vapor deposition (CVD) technology [7,8] and ion-implan-
tation methods [9,10], HPHT method presents to be a good 
way for synthesis of the diamond [11–14]. Li et al. [15] 
obtained boron-doped diamond from a Fe-Ni-C-B catalytic 
system made by powder metallurgy method at 5.4–5.7 GPa 
and 1573–1673 K. Ekimov et al. [16,17] synthesized 
microcrystalline boron-doped diamond powders in the 
C-H-B system at a pressure of 8 GPa and temperatures 
above 2000 K. Sidorov et al. [18] synthesized polycrystal-
line carbonado-like diamonds in the systems boron-graphite 
and B4C-graphite at P = 9 GPa and T = 2500–2800 K. Buga 
et al. [19] synthesized boron-doped diamond samples from 
a seed by the temperature gradient method at a pressure of  
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P=5.5 GPa and a temperature of T= 1650 K in the Fe-Al- 
C-B system. Zang et al. [20] succeeded in synthesis boron- 
doped diamond under HPHT using B-doped graphite inter-
calation compositions (GICs) as carbon sources. 
In this paper, we report the synthesis of boron-doped cu-
bic diamond based on the composite material of B4C and 
graphite in the region of catalytic graphite-diamond transi-
tion, by laser heated diamond anvil cell technique combined 
with synchrotron radiation. The quenched specimen was 
further characterized by means of micro Raman spectros-
copy, which provides a further evidence of the sp3 bonding 
nature in the sample.  
1  Experimental 
Certain ratio of B4C and graphite powder was uniformly 
mixed, and then the admixture was pressed into thin flake 
for the use of laser heated diamond anvil cell experiment. 
HPHT studies were carried out using diamond anvil cell. 
The culet size of the diamond is 500 μm in diameter. A 
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T301stainless steel gasket of thickness 150 μm was pre- 
indented down to 60 μm, and then a hole of 300 μm in di-
ameter was drilled as the sample chamber. The sample flake 
of 20 μm in thickness was placed between two rock salt 
flakes of 20 μm in thickness into the gasket hole. The rock 
salt flakes served as both heat insulator and pressure trans-
mitting medium. Figure 1 shows the schematic diagram and 
photo of the sample in gasket hole.  
A high-power multimode Nd:YLF laser with a maximum 
output of 50 W at l.053 μm wavelength was employed to 
heat sample. The laser beam was divided into two parts by a 
50/50 high-energy laser prism splitter, which was focused at 
both sides of the sample through the diamond to ensure a 
homogeneous heating effect. The heating was monitored 
with a charge-coupled device (CCD) detector system, while 
the temperature was calculated through the black body ra-
diation method. The sample was examined using energy 
dispersive X-ray diffraction (EDXRD) method with syn-
chrotron radiation under various pressures at states both 
before and after heating. 
The in-situ HPHT EDXRD experiment was carried out at 
Beijing Synchrotron Radiation Laboratory (BSRL). The 
laser heating spot is about 80 μm and the synchrotron light 
spot is about 50 μm. In order to exactly detect the informa-
tion of the heated part of the sample, the two-bundle light of 
heating laser and the synchrotron beam was perfectly ad-
justed in advance to coaxially focus on the sample. The 
pressure was calibrated using the equation of state of NaCl 
[21]. The diffraction angle 2θ was 15.5°. 
2  Results and discussion 
Figure 2 shows the diffraction pattern of sample I (B4C:C= 
1:1) measured as a function of pressure and temperature. 
Before heating, there are three lines assigned for NaCl 
(111), NaCl (200) and NaCl (220). Diffraction lines of NaCl 
shield those of graphite and B4C, which are much weaker 
than that of NaCl. All diffraction lines are found to shift 
continuously towards lower energy edge (i.e. the short 
d-value) and the intensity becomes weaker with increasing 
pressure. A new peak begins to emerge between NaCl (200) 
and NaCl (220) at 9.3 GPa, in the sample quenched from 
2400 K. The new peak becomes stronger up to 11.7 GPa 
and the calculated corresponding d-space value is 2.04 Å. 
Here we discuss the possible origination of this peak. 
Firstly, this peak is not from NaCl. There are only three 
diffraction lines, (111), (200) and (220) for NaCl in 5–40 
keV energy region. Pressure induced phase transition of 
NaCl is at 29 GPa [22]. Even for the high-pressure phase of 
NaCl II, the two d values around 2.00 Å are 2.82 Å and 1.99 
Å, so this peak is not from NaCl II either.  
Secondly, the peak is also not from graphite, B4C and 
other B-C compound. The diffraction intensity of graphite 
and B4C are very weak at 1 atm and becomes weaker with 
the increase of pressure. However, the intensity of new peak 
increased with pressure. We find that any B-C compound 
does not have a characteristic peak in this position.  
Thirdly, the peak is not from hexagonal diamond either. 
Because the standard X-ray diffraction pattern of hexagonal 
diamond shows that the intensity of hex-diamond (100) 
(d=2.18 Å) is closer to that of hex-diamond (002) (d=2.06 
Å). In other words, there will be two peaks coming out if 
the hexagonal diamond is synthesized. However, in our ex-
periment, only one new peak appeared at HPHT.  
Taking into account the aforementioned analysis, the 
 
Figure 1  (a) Schematic diagram of the sample in a gasket; (b) the state of 
sample in a gasket. 
 
Figure 2  EDXRD patterns of sample I (B4C:C=1:1) under selected 
pressures quenched from 2400 K, indicating the diamond (111) peak ap-
peared at 9.3 GPa and becoming stronger when pressure increased. 
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new peak would be most probably resulted from the cubic 
diamond (111) index, which is 2.06 Å in the standard X-ray 
diffraction pattern of cubic diamond, very close to the 2.04 
Å experiment observation in this work. The lattice parame-
ter of diamond is thus calculated to be a=3.53 Å. 
The similar result is obtained in the temperature- 
quenched sample II (B4C:C=5:95) at 9.3 GPa after heating 
to 2300 K as shown in Figure 3. The corresponding d-space 
value of the cubic diamond (111) is also 2.04 Å. The lattice 
parameter a=3.53 Å is obtained. 
The difference of the lattice parameter obtained in this 
experiment with the standard lattice parameter 3.566 Å of 
cubic diamond may originate from lattice being compressed 
under pressure. We calculated the diamond lattice parameter 
at pressure with Birch-Murnaghan equation of state: 
P = 3/2×B0[(V/V0)
−2/3−1](V/V0)−5/3, 
where V0 and V are the initial volume at 1 atm and the vol-
ume under pressure, respectively. 
For cubic crystal, V=a3; the bulk elasticity modulus B0 
for cubic diamond is 440 GPa. So a=3.53 Å is obtained at 
11.7 GPa and 12.2 GPa, which is in accord with our ex-
perimental result.  
The diamond lattice parameter of boron doping level in 
range of 2000–8000 ppm is close to 3.567 Å of the pure 
diamond, and the lattice parameter increases with the boron 
doping level [16,23]. Therefore we cannot judge whether 
the B is doped into diamond merely from the results of 
EDXRD. We know Raman spectrum is sensitive to the local 
surroundings of the ion, and the B doping into diamond can 
be easily distinguished from the Raman spectrum. Then we 
performed the Raman spectrum for the sample. To avoid the 
disturbance from the diamond anvil, we removed the dia-
mond anvils and only check the sample quenched from high 
temperature and high pressure. 
Figure 4 indicates the Raman spectra of sample I 
quenched from high temperature and high pressure; there 
are three formal Raman peaks, 1299 cm−1, 1350 cm−1 and 
1579 cm−1. The 1350 cm−1 line is due to the disorder of 
graphite, which comes from the phonon scattering around 
Brilliouin border [24]. The line of 1579 cm−1 corresponds to 
E2g vibration mode for graphite. For the 1299 cm
−1 Raman 
peak, we think it should be assigned to the F2g mode of 
B-doped diamond. The reasons is as follows: the breakdown 
of the k = 0 selection rule, owing to the heavy boron incor-
poration in it, leads to the change of the diamond F2g mode 
from 1332 cm−1 for the pure diamond to lower wavelength 
for boron-doped diamond, for example 1290 cm−1 [16] and 
1306 cm−1 [25]. This phenomenon had usually been ob-
served in B-doped diamond films and B-doped diamond 
crystal. Generally, different Raman shift is attributed to dif-
ferent doped concentration of boron and different synthesis 
method. 
 
Figure 4  The Raman spectrum of the sample I (B4C:C=1:1) quenched 
from high temperature and high pressure. 
3  Conclusions 
With laser heated diamond anvil cell, we synthesized boron- 
doped diamond at ~9 GPa pressure, 2300–2400 K tempera-
ture from the graphite and B4C mixed raw materials. Raman 
characteristic line of diamond locates at 1299 cm–1. Laser 
heated diamond anvil cell device could be used to the syn-
thesis of boron-doped diamond.  
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